Mating-System Evolution: Rise of the Irresistible Males  by Pannell, John R. & Korbecka, Grazyna
Current Biology Vol 20 No 11
R482References
1. Chai, Y., Norman, T., Kolter, R., and Losick, R.
(2010). An epigenetic switch governing
daughter cell separation in Bacillus subtilis.
Genes Dev. 24, 754–765.
2. MacNab, R.M. (1996). Flagella and motility. In
Escherichia coli and Salmonella. Cellular and
Molecular Biology 2nd ed., F. Neidhardt,
R. Curtiss III, J.L. Ingraham, E.C.C. Lin,
K.B. Low, B. Magasanik, W.S. Reznikoff,
M. Riley, M. Schaechter, and H.E. Umbarger,
eds. (Washington, DC: American Society for
Microbiology Press), pp. 123–145.
3. Aizawa, S.-I., Zhulin, I.B., Marquez-Magana, L.,
and Ordal, G.W. (2002). Chemotaxis and
motility. In Bacillus subtilis and Its Relatives:
From Genes to Cells, A.L. Sonenshein,
J.A. Hoch, and R. Losick, eds. (Washington,
DC: American Society for Microbiology Press),
pp. 437–452.4. Chai, Y., Chu, F., Kolter, R., and Losick, R.
(2008). Bistability and biofilm formation
in Bacillus subtilis. Mol. Microbiol. 67,
254–263.
5. Lopez, D., Vlamakis, H., and Kolter, R. (2008).
Generation of multiple cell types in Bacillus
subtilis. FEMS Microbiol. Rev. 33, 152–163.
6. Curtis, P.D., and Brun, Y.V. (2010). Getting in
the loop: regulation of development in
Caulobacter crescentus. Microbiol. Mol. Biol.
Rev. 74, 13–41.
7. Kearns, D.B., and Losick, R. (2005).
Cell population heterogeneity during growth
of Bacillus subtilis. Genes Dev. 19, 3083–3094.
8. Cozy, L.M., and Kearns, D.B. (2010). Gene
position in a long operon governs motility
development in Bacillus subtilis. Mol. Microbiol.
76, 273–285.
9. Veening, J.-W., Smits, W.K., and Kuipers, O.P.
(2008). Bistability, epigenetics, andA
C
Figure 1. Phillyrea angustifolia growing in fire-
(A) Shrub habit of P. angustifolia. (B) Both male
cences. (C) Details of its male and hermaphrodite
the anthers of the male flower (left) and its p
Photographs courtesy of Colin Hughes and Johbet-hedging in bacteria. Annu. Rev. Microbiol.
62, 193–210.
10. Calvio, C., Celandroni, F., Ghelardi, E.,
Amati, G., Salvetti, S., Ceciliani, F., Galizzi, A.,
and Senesi, S. (2005). Swarming differentiation
and swimming motility in Bacillus subtilis are
controlled by swrA, a newly identified
dicistronic operon. J. Bacteriol. 187,
5356–5366.
Department of Microbiology and
Immunology, Temple University School of
Medicine, 3400 North Broad Street,
Philadelphia, PA 19140, USA.
E-mail: piggotp@temple.eduDOI: 10.1016/j.cub.2010.04.020Mating-System Evolution: Rise of the
Irresistible MalesMating-system models have struggled to account for the high frequency
of males found with hermaphrodites in a common Mediterranean shrub.
The discovery of its unusual self-incompatibility system now provides an
elegant and unexpected solution to the puzzle.Current Biology
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Here’s a story that nicely exemplifies
the ambivalent role played by theory
and ‘paradigm’ in both resisting and
facilitating scientific discovery [1].
The protagonist is Phillyrea
angustifolia, a self-incompatible,
wind-pollinated shrub that is
widespread in fire-prone vegetation
of the western Mediterranean
(Figure 1). P. angustifolia has
attracted the attention of plant
reproductive ecologists for several
decades [2–5], because it displays
an apparent example of one of the
rarest sexual systems known to
biology — androdioecy, where males
co-occur with hermaphrodites. The
interest in P. angustifolia, however,
lay not so much in the possibility that
it might be androdioecious, as in the
suspicion that it might not. And if not
androdioecy, what else might be
going on?
The problem with androdioecy in
P. angustifolia was that its populations
consistently contain too many males.
Straightforward models show clearly
that males must be less frequent than
hermaphrodites in any androdioecious
population; indeed, to be maintained at
all, males must enjoy more than twice
the siring success of hermaphrodites[6,7] (Figure 2). This simple prediction
should be intuitive: given that males
transmit genes to the next generation
only through pollen, whereas
hermaphrodites gain reproductive
success through the production of
seeds as well as pollen, the absenceof a female function in males must
be compensated for by doubling
their male function. The males of
P. angustifolia, however, do not appear
to produce much more pollen than
hermaphrodites, and paternity analysis
indicates that hermaphrodites sire
almost as many progeny as do
males [5]. According to theory,
therefore, males should be absent in
P. angustifolia, yet they are often as
frequent as hermaphrodites [2,3].
This disagreement between theory
and observation cast doubt on whether
the species was really androdioecious,
and suggested that, instead, it might be
cryptic dioecious, with hermaphrodites
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Figure 2. More pollen maintains more males.
Curves showing the proportion of males, m,
that can be maintained with hermaphrodites
as a function of r, the amount of pollen they
disperse relative to that dispersed by
hermaphrodites. The solid line, which plots
m = (r – 2)/(2r – 2), corresponds to the propor-
tion of males expected in a population in which
hermaphrodites can sire seeds on all other
hermaphrodites (e.g., a self-compatible out-
crossing population, or a population with
a large number of self-incompatibility alleles).
The dashed line, m = (r – 1)/(2r – 1), corre-
sponds to the proportion of males expected
in a population with diallelic self-incompati-
bility, as discovered for Phillyrea angustifolia
by Saumitou-Laprade et al. [10]. Equations
are simplified and modified from [7]. The
frequency of males in P. angustifolia is ap-
proximately 0.3 when non-flowering hermaph-
rodites are accounted for [3]. This would be
consistent with theory if males disperse about
1.8 times more pollen than hermaphrodites,
e.g., by flowering more frequently, as they
evidently do [3].
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R483being functionally female [8]. A similar
conclusion has been reached for
the closely related species Fraxinus
ornus [9].
Saumitou-Laprade et al. [10]
have now solved the mystery of
P. angustifolia’s sexual system.
Their recent paper exposes a novel
mechanism for the high siring success
required by males in androdioecious
populations that had not been
anticipated in interpretations of the
theory. Surprisingly, P. angustifolia is
not cryptically dioecious, but displays
something akin to cryptic ‘distyly’!
An implicit assumption in theoretical
models for androdioecy is that pollen
grains dispersed by hermaphrodites
are able to compete with those
dispersed by males on an equal
footing. It turns out, however, that
self-incompatibility in hermaphrodites
of P. angustifolia is controlled by only
two alleles, one dominant over the
other, so that there are only two equally
frequent self incompatibility genotypes
in the population, with mating
permitted only between individuals
with different genotypes. This is similar
to the self incompatibility system found
in distylous species, in which
hermaphrodites have long or short
styles, reciprocally placed anthers, and
an incompatibility system that prevents
mating between individuals with styles
of the same length (reviewed in [11]).
In contrast to truly distylous species,
however, the floral morphology of all
P. angustifolia hermaphrodites is
identical (Figure 1). This is the first
instance known to science of a diallelic
self incompatibility system that is not
associated with a stigma-length
polymorphism or other morphological
differences in the stigmas or pollen
grains of the two self incompatibility
genotypes.
But what of the males in
P. angustifolia? Intriguingly — and
critically for the maintenance of
androdioecy — males of P. angustifolia
do not appear to be subject to the same
mating rules that restrict the siring
opportunities of hermaphrodites.
Specifically, whereas hermaphrodites
can only mate with half the other
hermaphrodites in the population,
males can mate with them all. This
immediately confers upon pollen grains
produced by males a twofold siring
advantage over those produced by
hermaphrodites, and thus potentially
explains the maintenance of males at
relatively high frequencies (Figure 2).By revealing the unusual self
incompatibility system of
P. angustifolia, Saumitou-Laprade et al.
[10] have finally thrown light on what
had remained an obscure puzzle in the
literature on plant sexual systems [12].
Their discovery, however, also poses
several new questions.
First, what is the molecular basis
that allows males to override the self
incompatibility system so that their
pollen has access to all ovules in
the population, irrespective of
which S-alleles they carry? The
gender-dependent incompatibility
reactions in P. angustifolia might be
explained either by a model requiring
linkage between the sex-determining
locus and the self incompatibility locus,
as suggested in a previous paper by
the authors [13], or by a model invoking
a sex-linked modifier of the self
incompatibility response. Either way,
if hermaphrodites imprint their pollen
grains with their self incompatibility
genotype, as is commonly thought
to occur in sporophytic self
incompatibility systems [14], then
males might gain universal
cross-compatibility for their pollen
grains simply by not expressing the
S-locus during pollen development.
If this were to occur in hermaphrodites,
it would permit self-fertilization, and
sufficiently detrimental effects of
inbreeding would then prevent its
spread. In males, however, the
possibility of self-fertilisation is of
course ruled out, and their spread
would depend only on their relative
success as outcrossing sires.
Second, could androdioecy in other
species be explained by a similar
mechanism? Androdioecy is
phylogenetically scattered among
several distantly related plants [12]
and animals [15], but it, or something
similar, appears to be relatively
common in the clade to which
P. angustifolia belongs, particularly in
the closely related genus Fraxinus
[9,16,17]. Could the presence of males
in these related species also be
explained by the existence of a
system of diallelic self incompatibility?
Such a possibility would certainly
seem worthy of serious consideration,
not least because true distyly
appears to be ancestral within the
clade [18,19] and might thus have
been retained in lineages other than
P. angustifolia.
Third, are theories for the evolution
of androdioecy in need of revision?Here, it is interesting to note that
several of the authors of the current
Saumito-Laprade et al. [10] paper in
fact anticipated a possible link between
self-incompatibility and sex
determination in P. angustifolia several
years ago, when they published a
model that might explain the high
male frequencies observed [13].
However, that model assumed
‘gametophytic’ self incompatibility
with multiple alleles rather than two,
such as the self incompatibility system
found in poppies, snapdragons or wild
tomatoes. The basic idea invoking self
incompatibility turns out to have been
right, but the details of the model were
wrong and must be rejected.
The original models for the
maintenance of androdioecy [6,7]
actually remain robust to diallelic self
incompatibility, with minor adjustment.
This adjustment can be made explicit
in terms of the mechanistic basis
of altered mating opportunities
discovered for P. angustifolia (for
example [20]). Alternatively and more
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term for the relative siring success of
males compared with hermaphrodites
(Figure 2). The previous implausibility
of androdioecy in P. angustifolia was
thus not due to the unavailability of
an appropriate theoretical framework,
but rather to a violation of the simple
implicit assumption that all
hermaphrodites are potential sires
for all progeny. The genetic details
exposed by Saumitou-Laprade
et al.’s study [10] are fascinating and
unexpected, but androdioecy in
P. angustifolia can be explained by
the old paradigm after all, which
simply compares the expected relative
siring prospects of different sexual
phenotypes.
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MiddleHow cells mark the region of the plasma membrane where the cleavage furrow
will assemble is a classic question in cell biology. A new study has shown an
unexpected role for cortically associated endoplasmic reticulum in positioning
the site of cell division.Dannel McCollum
To ensure proper segregation of
chromosomes and cytoplasmic
components to each daughter cell,
the position of the cleavage furrow
must be precisely specified. Although
the components of the cell division
apparatus are highly conserved
between fungi and metazoans, the
mechanisms for placing the cell
division apparatus vary widely [1].
For example, in budding yeast, the
division site is determined by the
position where the cell initiates bud
formation at the beginning of the cell
cycle. In metazoans, signals from the
astral microtubules and spindle
midzone appear to dictate cleavage
furrow positioning. The question ofhow the division plane is placed
has also been intensively studied in
the rod-shaped fission yeast
Schizosaccharomyces pombe,
revealing a surprisingly complex
system for specifying the position
of the cleavage furrow. A new study
published in this issue of Current
Biology by Dan and colleagues [2]
now provides evidence for a role
for cortical endoplasmic reticulum
(ER) in positioning of the division
plane.
S. pombe uses a combination of
spatial cues to position the division
site, including inhibitory signals from
the cell tips, and positive signals from
the nucleus [3–7]. Genetic studies in
S. pombe showed that the anillin family
protein Mid1 is the major corticaldeterminant of division-site placement
[3,4]. The Mid1 protein shuttles
between the nucleus and the medial
cell cortex overlaying the nucleus [4].
In interphase, the majority of the Mid1
is in the nucleus; however, upon mitotic
entry, Mid1 exits the nucleus to form
a broad band of spots at the medial
cortex (Figure 1). The Mid1 spots then
recruit myosin and actin-nucleating
proteins to generate a meshwork of
actin filaments in the middle of the cell.
It has been proposed that myosin
motor activity and actin bundling
cause compaction of the actin
network and the Mid1 spots into the
mature actomyosin ring [8] (Figure 1).
Thus, regulation of Mid1 localization is
central for determining the position
of the actomyosin ring and the site of
cell division.
Initial observations of Mid1
localization suggested that the
localization of Mid1 to the medial
cortex is determined by a combination
of Mid1’s affinity for the cortical
membrane and nuclear shuttling.
In S. pombe, the nucleus is
maintained in the cell center through
a microtubule-dependent mechanism
